
(19) United States 
US 20090068503A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0068503 A1 
Yamazaki et al. (43) Pub. Date: Mar. 12, 2009 

(54) SPUTTERINGAPPARATUS 

(76) Inventors: Mutsuki Yamazaki, Yokohama-shi 
(JP); Kohei Nakayama, 
Kawasaki-shi (JP); Yoshihiko 
Nakano, Yokohama-shi (JP); Wu 
Mei, Yokohama-shi (JP) 

Correspondence Address: 
FINNEGAN, HENDERSON, FARABOW, GAR 
RETT & DUNNER 
LLP 
901 NEW YORKAVENUE, NW 
WASHINGTON, DC 20001-4413 (US) 

(21) Appl. No.: 12/196,656 

(22) Filed: Aug. 22, 2008 

(30) Foreign Application Priority Data 

Aug. 23, 2007 (JP) ............................... P2007-2173.54 
Aug. 4, 2008 (JP) ............................... P2008-20O842 

Publication Classification 

(51) Int. Cl. 
C23C I4/34 (2006.01) 
HOLM 8/02 (2006.01) 

(52) U.S. Cl. ...................................... 429/12; 204/298.13 

(57) ABSTRACT 

A sputtering apparatus includes: a Supporting member that 
accommodates a base material; a first sputtering source con 
taining platinum and having a rectangular shape; a second 
sputtering source containing an element different from that 
contained in the first sputtering source; a first magnet that is 
disposed to face the Supporting member, the first magnet 
applying a first magnetic field near a surface of the first 
sputtering source in a first magnetic flux density; and a second 
magnet that is disposed to face the Supporting member, the 
second magnet applying a second magnetic field near a Sur 
face of the second sputtering Source in a second magnetic flux 
density, wherein at least one of the first magnetic flux density 
and the second magnetic flux density is configured to be 
variable. 
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SPUTTERINGAPPARATUS 

RELATED APPLICATION(S) 
0001. The present disclosure relates to the subject matter 
contained in Japanese Patent Application No. 2007-217354 
filed on Aug. 23, 2007 and in Japanese Patent Application No. 
2008-200841 filed on Aug. 4, 2008, which are incorporated 
herein by reference in its entirety. 

FIELD 

0002 The present invention relates to a sputtering appa 
ratus for causing a particulate carrier having a particle size of 
1 um or less to carry a microparticle having a particle size of 
10 nm or less, the apparatus being preferable to utilize for 
manufacturing a catalyst used in a direct methanol fuel cell 
(DMFC). 

BACKGROUND 

0003) A noble metal such as platinum is used as a chemical 
catalyst as well as jewelry. For example, noble metal is used 
in an exhaust gas purifier of a vehicle, a polymer electrolyte 
fuel cell (PEFC). Since the polymer electrolyte fuel cell using 
a methanol solution as a fuel can be operated at a low tem 
perature and has a small size and weight, the polymer elec 
trolyte fuel cell has recently been vigorously researched in 
order to utilize the fuel cell as a power supply to be mounted 
on a small device Such as a mobile device. However, a further 
improvement in performance has been desired to widely uti 
lize the polymer electrolyte fuel cell. Since a fuel cell serves 
to convert a chemical energy generated by an electrocatalytic 
reaction into electrical power, a high active catalyst is indis 
pensable to the improvement in performance. 
0004 Presently, an alloy of platinum and ruthenium 
(which will be hereinafter referred to as “platinum-ruthe 
nium') is generally used as an anode catalyst of a fuel cell. 
However, while the fuel cell has a theoretical voltage of the 
electrocatalytic reaction of 1.21 V, a voltage loss by the plati 
num-ruthenium catalyst is approximately 0.3 V and is com 
paratively large. In order to reduce the Voltage loss, an anode 
catalyst having a high activity (a methanol oxidation activity) 
exceeding the platinum-ruthenium has been required. In 
order to improve the methanol oxidation activity, there has 
been considered to add another element to the platinum 
ruthenium alloy. 
0005. In a conventional sputtering method or evaporating 
method, generally, a catalytic microparticle is carried on a 
carbon sheet (which will be hereinafter referred to as a “car 
bon paper'). In this case, the evaporation is performed over 
only a surface of the carbon paper. Therefore, in a case in 
which the catalytic microparticle having a size of several 
nanometers is to be carried, a necessary carrying amount for 
a power generation cannot be obtained. Moreover, in some 
cases, an alloy serving as a catalyst does not form a micro 
particle but be formed as a thin film depending on an evapo 
rating condition. In those cases, there is a drawback that total 
Surface area of the catalyst is reduced and a power generating 
performance is largely deteriorated. 
0006. On the other hand, there is known a technique that a 
catalytic metal is evaporated or sputtered on a carrier particu 
late to carry a catalytic microparticle. An example of Such 
technique is disclosed in JP-A-2005-264297 (counterpart 
U.S. publication is: US 2007/0213212 A1). 
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0007. In a case in which a carbon particle is used as a 
carrier in the above described method, the catalytic micropar 
ticle is sputtered or evaporated while the carbon powder is 
stirred. In this case, even if an observation is performed 
through an electron microscope, a Substance other than the 
carbon cannot be found. The reason is that a Surface condition 
of a carbonic microparticle which is a Substance to be evapo 
rated and an evaporated atom relate to a process for forming 
a metallic microparticle. More specifically, in a case in which 
a metal is physically evaporated in a vacuum process, a ther 
mal or kinetic energy is utilized to cause an evaporating 
substrate to fly like an atom and to collide with the evaporated 
Substance. Therefore, the evaporating atom performs a migra 
tion (a free movement over a carrier Surface) and is fixed to a 
stable place on an energy basis, and particles then grow by 
setting the place to be a nucleus and are bonded to form a 
polycrystalline film. 
0008. In a case of a carbonic microparticle having a par 
ticle size of 1 um or less, however, a large number of defects 
are present on a Surface. For this reason, a distance at which 
the evaporated atom can perform the migration is very short 
and there is a low probability that a necessary nucleus for a 
grain growth might be formed. Accordingly, in a case in 
which carbon powder is evaporated while stirred, the powder 
is moved before the nucleus is formed so that the evaporated 
substance does not fly. For this reason, the evaporated sub 
stance is stuck as an atom onto the Surface so that a nucleation 
as well as the grain growth is not caused. Although a micro 
particle having a particle size which is equal to or greater than 
2 nm and is equal to or Smaller than 10 nm is to be carried on 
the surface of the carbon powder in order to function as a 
catalyst, it is unable to expect that the function of the catalyst 
is exhibited because the metallic atom is stuck onto the carrier 
Surface. 

SUMMARY 

0009. According to a first aspect of the invention, there is 
provided a sputteringapparatus including: a Supporting mem 
ber that accommodates one of a particulate base material and 
a sheet-type base material; a first sputtering Source that is 
disposed to face the Supporting member at a first distance, the 
first sputtering source containing platinum and having a rect 
angular shape; a second sputtering source that is disposed to 
face the Supporting member at a second distance and to be 
adjacent to the first sputtering source, the second sputtering 
Source containing an element different from that contained in 
the first sputtering Source; a first magnet that is disposed to 
face the Supporting member at an opposite side with respect to 
the first Sputtering Source, the first magnet applying a first 
magnetic field near a Surface of the first sputtering source in a 
first magnetic flux density; and a second magnet that is dis 
posed to face the Supporting member at an opposite side with 
respect to the second sputtering source, the second magnet 
applying a second magnetic field near a Surface of the second 
sputtering source in a second magnetic flux density, wherein 
at least one of the first magnetic flux density and the second 
magnetic flux density is configured to be variable. 
0010. According to a second aspect of the invention, there 

is provided a sputtering apparatus including: a Supporting 
member that accommodates one of a particulate base material 
and a sheet-type base material; a first sputtering Source that 
includes at least two first Sputtering Source pieces that are 
disposed to face the Supporting member, each of the first 
sputtering source pieces containing platinum and having a 
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rectangular shape; a second sputtering source that is disposed 
to face the Supporting member and to be adjacent to the first 
sputtering Source pieces, the second sputtering source con 
taining an element different from that contained in the first 
sputtering Source; a magnet that is disposed to face the Sup 
porting member at an opposite side with respect to the first 
sputtering source and the second sputtering Source, the mag 
net applying a magnetic field near a surface of the first sput 
tering source and the second sputtering source, wherein the 
second sputtering Source is disposed between the first sput 
tering source pieces so as that longitudinal edges of the first 
sputtering source pieces and the second sputtering source are 
arranged to be substantially in parallel with one another, 
wherein the magnetic field is configured to be in a longitudi 
nal shape that extends in a direction that is substantially 
orthogonal to the longitudinal edges of the first sputtering 
Source pieces and the second sputtering Source, and wherein 
the magnetic field is configured to be movable in a direction 
along the longitudinal edges of the first sputtering Source 
pieces and the second sputtering source, by relatively moving 
the magnet and a set of the first sputtering source and the 
second sputtering source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. In the accompanying drawings: 
0012 FIG. 1 is a schematic plan view showing an example 
of an arrangement of a sputtering source and a magnetic field 
in an apparatus utilizing the present invention; 
0013 FIG. 2 is a schematic sectional view showing an 
example of the Sputtering source and a magnet corresponding 
thereto in the apparatus; 
0014 FIG.3 is a schematic plan view showing an example 
of the magnet in the apparatus; 
0015 FIG. 4 is a schematic plan view showing an example 
of the arrangement of the Sputtering source and the magnetic 
field in the apparatus; 
0016 FIG.5 is a schematic plan view showing an example 
of the arrangement of the Sputtering source and the magnetic 
field in the apparatus; 
0017 FIG. 6 is a schematic plan view showing an example 
of the arrangement of the Sputtering source and the magnetic 
field in the apparatus; 
0018 FIG. 7 is a schematic plan view showing an example 
of the arrangement of the Sputtering source and the magnetic 
field in the apparatus; 
0019 FIG. 8 is a schematic plan view showing an example 
of the arrangement of the Sputtering source and the magnetic 
field in the apparatus; 
0020 FIG.9 is a schematic plan view showing an example 
of the arrangement of the Sputtering source and the magnetic 
field in the apparatus; 
0021 FIG. 10 is a schematic plan view showing an 
example of the arrangement of the Sputtering source and the 
magnetic field in the apparatus; 
0022 FIG. 11 is a schematic plan view showing an 
example of the arrangement of the Sputtering source and the 
magnetic field in the apparatus; 
0023 FIG. 12 is a schematic sectional view showing an 
example of the Sputtering source and the magnet correspond 
ing thereto in the apparatus; 
0024 FIG. 13 is a schematic plan view showing an 
example of the arrangement of the Sputtering source and the 
magnetic field in the apparatus; 
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0025 FIG. 14 is a schematic plan view showing an 
example of the arrangement of the Sputtering source and the 
magnetic field in the apparatus; 
0026 FIG. 15 is a schematic plan view showing an 
example of the arrangement of the Sputtering source and the 
magnetic field in the apparatus; 
0027 FIG. 16 is a schematic plan view showing an 
example of the arrangement of the Sputtering source and the 
magnetic field in the apparatus; 
0028 FIG. 17 is a schematic plan view showing an 
example of the arrangement of the Sputtering source and the 
magnetic field in the apparatus; 
0029 FIG. 18 is a schematic sectional view showing an 
example of the apparatus; 
0030 FIG. 19 is a schematic sectional view showing a film 
and electrode complex according to an example of the present 
invention; 
0031 FIG. 20 is a schematic sectional view showing a 
single cell of a direct methanol fuel cell according to the 
example of the present invention; 
0032 FIGS. 21A-21C show an example configuration of 
the Sputtering apparatus, wherein FIG. 21A is a plan view, 
FIG. 21B is a sectional view taken along XXIb-XXIb line 
shown in FIG. 21A, and FIG. 21C is a sectional view taken 
along XXIc-XXIc line shown in FIG. 21A: 
0033 FIG.22 shows another example configuration of the 
Sputtering apparatus; 
0034 FIG.23 shows another example configuration of the 
Sputtering apparatus; 
0035 FIG. 24 shows another example configuration of the 
Sputtering apparatus; 
0036 FIG.25 shows another example configuration of the 
Sputtering apparatus; 
0037 FIG. 26 is a schematic sectional view of another 
example configuration of the Sputtering apparatus for 
explaining a distance between a sputtering source and a par 
ticulate base material; 
0038 FIG. 27 is a graph showing a relationship between 
the distance and a deposition speed; 
0039 FIG. 28 is a schematic drawing of a direct methanol 
fuel cell; and 
0040 FIG. 29 is a schematic sectional view of a cell pro 
vided in the direct methanol fuel cell. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0041 An embodiment according to the invention will be 
described below with reference to the accompanying draw 
ings. 
0042 FIG. 1 shows an example of a typical plan view 
illustrating a sputtering source 1 used in a sputtering appara 
tus according to an embodiment of the present invention. 
0043. A sputtering source 1 includes a pair of first sputter 
ing sources 2 having rectangular shapes and a second sput 
tering Source 3 having a rectangular shape. The first sputter 
ing sources 2 that contain platinum are disposed on both sides 
of the second sputtering Source 3, and the second sputtering 
Source 3 that contains other alloy elements is disposed at a 
center to be adjacent to each of the first Sputtering sources 2. 
A magnetic field 4 for trapping plasma to forman erosion area 
on the Sputtering Source 1 is formed in the vicinity of Surfaces 
of the first sputtering sources 2 and the second sputtering 
source 3. Magnetic flux densities of the magnetic fields 4 in 
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the vicinity of the surfaces of the first sputtering sources 2 and 
the second sputtering source 3 are different from each other. 
0044) The number of the first sputtering sources 2 may not 
be limited to two, but the sputtering source 1 may be provided 
with one or more of the first sputtering sources 2. Accord 
ingly, in the following description, the first Sputtering sources 
2 may be described in a singular form. 
0045 FIG. 2 shows an example of a typical plan view 
illustrating a sputtering Source and a magnet corresponding 
thereto which are used in the Sputtering apparatus, and lines 
of magnetic force. The first Sputtering source 2 and the second 
sputtering source 3 are fixed to a backing plate 21 provided on 
a back by using a conductive bonding material Such as In or a 
fixingjig (not shown) as shown in FIG. 2. Furthermore, a first 
magnet 23 and a second magnet 24 corresponding to the first 
and second sputtering sources 2 and 3 are disposed under the 
backing plate 21. 
0046. The magnetic flux densities of the magnetic fields 4 
of the first Sputtering Source 2 and the second sputtering 
Source 3 are regulated by causing the first magnet 23 and the 
second magnet 24 to be movable. For example, in a case in 
which a sputtering speed of the second sputtering source 3 is 
higher than that of the first sputtering source 2, the first 
magnet 23 corresponding to the first sputtering Source 2 is 
made distant and the second magnet 24 corresponding to the 
second sputtering Source 3 is made close. By the mechanism, 
a composition of a deposited Substance can easily be regu 
lated and an optimum composition can be obtained even if a 
material of each of the sputtering sources is changed. 
0047 FIG.3 shows an example of a typical sectional view 
showing a magnet to be used in the Sputtering apparatus. As 
seen from sections, each of the first magnet 23 and the second 
magnet 24 in FIG. 2 includes a magnet 31 Surrounding an 
outer periphery and a central magnet 32 having a different 
polarity. When the first magnet 23 and the second magnet 24 
are caused to approach the first sputtering source 2 and the 
second sputtering source 3, a line of magnetic force 22 is 
generated in the vicinity of the Surfaces of the first sputtering 
Source 2 and the second sputtering source 3 as shown in FIG. 
2. Consequently, a plasma trapping density is increased. 
Therefore, the magnetic field indicated as 4 in FIG. 1 is 
formed. Although a sputtering speed is varied depending on a 
material, it depends on the magnetic flux density and is 
changed corresponding to a sectional area, a magnetic force 
and a distance R from the Sputtering source in each of the first 
magnet 23 and the second magnet 24. 
0048. There are several variations in the arrangement of 
the first sputtering source 2 and the second sputtering Source 
3 and how the magnetic field is formed, as shown in FIGS. 4 
to 10. 

0049. In contrast with the configuration shown in FIG. 1, 
in the configuration shown in FIG. 4, a relationship between 
the magnetic flux densities of the magnetic fields 4 in the first 
sputtering source 2 and the second sputtering source 3 is 
reversed and the distance R between the first sputtering 
Source 2 and the first magnet 23 corresponding thereto is 
increased, and the distance R between the second sputtering 
Source 3 and the second magnet 24 corresponding thereto is 
reduced to enlarge the magnetic field, thereby increasing 
utilization efficiency of a material. 
0050. In FIG. 5, moreover, a third sputtering source 51 
containing ruthenium is disposed between the first sputtering 
Source 2 and the second sputtering source 3 in Such a manner 
that longitudinal directions of the third sputtering source 51 
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and the second sputtering Source 3 are parallel with each 
other. The magnetic flux density of the magnetic field 4 regu 
lates the distances R between the first sputtering source 2 and 
second sputtering source 3 and the first magnet 23 and second 
magnet 24 corresponding thereto in Such a manner that a 
deposited Substance can obtain a proper composition. The 
first sputtering source 2, the second sputtering Source 3 and 
the third sputtering source 51 are not alloyed but formed by a 
single element. Therefore, a reprocessing cost is reduced 
when each of the Sputtering sources is used as a material 
again. A magnet corresponding to the third sputtering source 
51 is not particularly provided. 
0051. As shown in FIG. 6, moreover, the third sputtering 
Source 51 can be disposed on a center of the second sputtering 
Source 3 in Such a manner that longitudinal directions are 
substantially in parallel with each other. In this case, it is 
possible to further lessen a variation in the composition of the 
deposited Substance. 
0052. In addition, as shown in FIG. 7, it is also possible to 
dispose the third sputtering source 51 on the center of the 
second sputtering Source 3 in Such a manner that longitudinal 
directions are almost orthogonal to each other, and further 
more, to dispose the third sputtering source 51 in contact with 
the first sputtering source 2. 
0053. In a case in which the small-sized sputtering source 
1 is used, the continuous magnetic field 4 may be formed 
across the first sputtering source 2, the second sputtering 
source 3 and the third sputtering source 51 over the whole 
sputtering source as shown in FIG. 8. In this case, there is 
prepared a magnet having a size corresponding to the whole 
sputtering source 1. 
0054) To the contrary, in a case in which the sputtering 
Source 1 is slightly large, a plurality of magnetic fields 4 in 
FIG.8 may beformed as shown in FIG.9. Consequently, it is 
possible to increase the Sputtering speed and to enhance the 
utilization efficiency of the material. 
0055. In addition, in a case in which a catalyst having a 
high composition ratio of the first sputtering source 2 is 
obtained, the magnetic fields 4 may be provided and a part of 
the continuous magnetic field 4 may be formed on the second 
sputtering Source 3 and the third sputtering Source 51 as 
shown in FIG. 10. 
0056. In a magnetron sputtering method, a material is 
exchanged for a new one immediately before a hole is formed 
in the erosion area of a sputtering source (a range in which a 
component element is caused to burst so that the Sputtering 
Source is consumed by a sputtering phenomenon) and a 
residual material is subjected to a regenerating treatment in 
Some cases. A sputtering speed of the erosion area is usually 
higher than that of Surroundings by two digits or more. For 
this reason, a rate of the material which can be used for 
sputtering to extremely eliminate that region is approxi 
mately 10% to 20%. Accordingly, the regenerating treatment 
is to be often performed. Therefore, there is increased an 
influence of a cost on a product. 
0057 FIG. 11 shows an example of a typical plan view 
showing a sputtering source and a magnetic field which are 
used in the Sputtering apparatus. 
0058. In the embodiment, the sputtering source 1 is 
formed, as a sputtering Source intended for a mass produc 
tion, by the first sputtering source 2 containing platinum and 
the second sputtering source 3 which are provided alternately 
with longitudinal directions set to be parallel with each other 
and the magnetic field is formed like a band or a rectangle so 
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as to be almost orthogonal to the longitudinal directions as 
shown in FIG. 11, and the whole sputtering source 1 and the 
magnet corresponding thereto (not shown) are relatively 
moved in the longitudinal direction of the first Sputtering 
Source 2 or the second sputtering source 3 to sequentially 
perform Sputtering with a scan in order to enhance the utili 
Zation efficiency of the Sputtering Source. 
0059 By utilizing the sputtering source 1 as configured 
above, even if a power to be Supplied in the Sputtering is set to 
be equal, it is possible to control the composition of the 
deposited Substance without using an alloy sputtering Source 
while properly regulating the magnetic flux density depend 
ing on a sputtering speed or bonding energy of a material. The 
residual material of the Sputtering source 1 which is scraped 
locally and cannot be used is dissolved and reprocessed. If 
neither the first sputtering source 2 nor the second sputtering 
Source 3 mixes other elements, however, the reprocessing can 
easily be carried out and a regenerating cost can be reduced so 
that the sputtering can be efficiently performed, which is 
preferable. 
0060 FIG. 12 is a sectional view taken along an XII-XII 
line shown in FIG. 11, illustrating an example of a positional 
relationship between the Sputtering Source and the magnet 
corresponding thereto. 
0061. As shown in FIG. 12, by previously adjusting a 
position of a magnet 121 with respect to the first Sputtering 
Source 2 and the second sputtering source 3, it is also possible 
to perform the Sputtering while performing a scan. In case of 
FIG. 12, a scanning direction is defined as a perpendicular 
direction with respect to the sheet on which the FIG. 12 is 
shown. 
0062 FIGS. 13 to 17 show a variant of the sputtering 
Source in a case in which the Sputtering is performed while the 
whole sputtering source 1 and the magnet corresponding 
thereto are relatively moved to sequentially perform the scan. 
0063 FIG. 13 is substantially the same as FIG. 11, and the 
magnetic field 4 is formed like a band or a rectangle in the 
vicinity of the Surface in the whole Sputtering source 1 and an 
end 131 is always set to be positioned on the second sputter 
ing Source 3. Since the end 131 has a high Sputtering speed, 
the material is required to be properly exchanged. 
0064 FIG. 14 is substantially the same as FIG. 13, and an 
end 141 of the magnetic field 4 is formed to have a slightly low 
magnetic flux density. The magnetic flux density of the end 
may reduce the magnetic force of the magnet, a distance from 
a backing plate may be increased or the magnet may be 
removed. A regulation is performed by any of the methods. 
By the Scan, a specific material does not need to be often 
exchanged. Consequently, productivity can be enhanced. 
0065 FIG. 15 is a view showing an arrangement in which 
the first sputtering Source 2 is disposed on both ends in the 
longitudinal direction of the first Sputtering source 2 and the 
second sputtering source 3. A period of time for which the 
scanned magnetic field 4 stays in the same place is reduced as 
greatly as possible. Consequently, it is possible to further 
enhance utilization efficiency of a noble metal material while 
maintaining a uniformity of a composition of a deposited 
Substance. 
0066. In FIG. 16, the first sputtering source 2 and the 
second sputtering source 3 are disposed in Such a manner that 
the longitudinal directions are substantially in parallel with 
each other and an outer periphery thereof is surrounded by a 
material 161 having a sputtering speed which is lower than 
that of the first sputtering source 2 by one digit or more. For 
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example, the material 161 includes silicon oxide, titanium 
oxide, Zirconium oxide, tungsten oxide and molybdenum 
oxide. Metallic elements constituting them have the effect of 
enhancing an activity of a catalyst, and a very Small amount of 
metal oxide has no bad influence. Alternatively, the material 
may be constituted by a polymer compound. In particular, 
Teflon (registered trademark: produced by DuPont Co., Ltd.) 
has a high degree of crystallization and has a Small monomer 
dissociation, which is Suitable. 
0067. In this case, when the magnetic field is moved to the 
region where the member 161 is disposed having the low 
sputtering speed as shown in FIG. 17, a thickness of the whole 
sputtering source 1 is uniformly decreased, which is desir 
able. In some cases, parts of the first sputtering source 2 and 
the second sputtering source 3 once vaporize and are then 
stuck to the member 161 having the low sputtering speed on 
the periphery. However, it is also possible to perform the 
sputtering over them again. Thus, it is possible to enhance the 
utilization efficiency of the noble metal material more greatly. 
0068 FIGS. 21A-21C show an example of a configuration 
for improving a usage efficiency of the first and second sput 
tering sources 2 and 3. As shown in FIGS. 21A-21C, a high 
permeability member 213 may be disposed between the sec 
ond sputtering source 3 and a Supporting member (backing 
plate 214) that Supports the first and second sputtering 
sources 2 and 3. The high-permeability member 213 may be 
formed of a material having high-permeability Such as Ni, Fe, 
and Co, that is higher than that of sputtering source 1 (the first 
and second sputtering sources 2 and 3). The high-permeabil 
ity member 213 may be supported by being embedded in the 
backing plate 214. By appropriately configuring a thickness 
of the high-permeability member 213, a magnetic field inten 
sity applied to the first and second sputtering sources 2 and 3 
can be adjusted, to thereby adjust the Sputtering speed of the 
first and second sputtering sources 2 and 3 to a desired sput 
tering speed. 
0069. In order to improve productivity of the particle car 

rier, the Sputtering apparatus may be configured to have a 
plurality of erosion areas. In a case where the Sputtering 
apparatus is configured that the first and second sputtering 
Sources 2 and 3 are scanned by two magnets 215 for obtaining 
multiple erosion areas, Scanning directions of the magnets 
215 need to be reversed at a center position of the first and 
second sputtering sources 2 and 3 in the longitudinal direc 
tion. When reversing the scanning directions of the magnets 
215, the magnets 215 are stopped at the center position. 
Accordingly, a sputtering time of the first and second sput 
tering Sources 2 and 3 becomes longer at the center position, 
causing the first and second sputtering Sources 2 and 3 to be 
more worn than at the center position than at other areas. This 
may cause the first and second sputtering sources 2 and 3 to be 
Staved, and a hole might be formed on the first and second 
sputtering sources 2 and 3. 
0070. In order to prevent the deterioration of the first and 
second sputtering sources 2 and 3, the high-permeability 
member 213 may be disposed at the center position to extend 
in a direction that is orthogonal to the longitudinal direction of 
the first and second sputtering Sources 2 and 3. According to 
this configuration, the Sputtering speed of the first and second 
sputtering sources 2 and 3 at the center position can be set to 
beina range from 80% to 95% of the sputtering speed at other 
areas, and the wear of the first and the second sputtering 
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sources 2 and 3 can be made to be uniform, to thereby 
improve the usage efficiency of the first and second sputtering 
sources 2 and 3. 
0071. In a case where the sputtering speed at the center 
position is set to be lower than 80%, the difference in the 
sputtering speed at the center position where the high-perme 
ability member 213 is provided and at other areas where the 
high-permeability member 213 is not provided becomes 
large, causing a clear boundary between the center position 
and other areas, which is not preferable. In a case where the 
sputtering speed at the center position is set to be higher than 
95%, the magnets 215 are required to reverse the scanning 
direction more quick, which requires a movement mechanism 
for the magnets to have more accuracy and power, causing the 
sputtering apparatus to have higher cost, which is not prefer 
able. 
0072. It is more preferable to configure the sputtering 
apparatus so that the Sputtering speed Smoothly changes at the 
center position with in the preferable range of from 80% to 
95%. For this purpose, the high-permeability member 213 
may be disposed so that a reduction rate of the Sputtering 
speed is set to become gradually small at areas away form the 
center position. Specifically, the thickness of the high-perme 
ability member 213 may be formed to be thinner at a periph 
eral portion thereofthan at a center portion. According to this 
configuration, the first and second sputtering sources 2 and 3 
can be used more uniformly. 
0073. As shown in FIG. 22, the sputtering apparatus may 
be configured that the scanning speed of the magnets 215 is 
set to be 5% to 10% faster at an area A, where the scanning 
direction of the magnets is reversed with respect to the scan 
ning speed at an area B other than the area A. In a case where 
the Scanning speed at the area A is less faster than 5%, the 
magnets 215 are required to reverse the scanning direction 
more quick, which requires a movement mechanism for the 
magnets to have more accuracy and power, causing the sput 
tering apparatus to have higher cost, which is not preferable. 
In a case where the scanning speed at the area A is faster than 
10%, a clearboundary is caused in the Sputtering, which is not 
preferable 
0074 The sputtering apparatus may be configured that, as 
shown in FIG. 23, the thickness of the first and second sput 
tering sources 2 and 3 at the center position is set to be thicker 
than other areas. The thickness of the first and second sput 
tering sources 2 and 3 at the center position may be set in 
accordance with the Sputtering speed and the length of time 
period for which the magnets 215 stop for reversing the scan 
ning direction. The thickness of the first and second sputter 
ing Sources 2 and 3 at the center position may preferably be 
set to be 1.1 times to 1.3 times thicker than other areas. 
0075. The sputtering apparatus may be configured that, as 
shown in FIG. 24, an additional member 244 having a plate 
shape and formed of a material same with those of the first and 
second sputtering sources 2 and 3. Such as SiO, TiO, WO, 
and Mn, is disposed at the center position. By thus disposing 
the additional member 244, the Sputtering apparatus can con 
tinue the Sputtering process even the first and second sputter 
ing Sources 2 and 3 are partially staved at the center position 
and a hole is formed thereon. 
0076. The sputtering apparatus may be configured that, as 
shown in FIG. 25, the magnets 215 are disposed on a belt 254 
that is conveyed by a pair of rollers 255. In this configuration, 
the magnets 215 are conveyed by the belt 254 and scan the 
first and second sputtering sources 2 and 3 without reversing 
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the Scanning direction. According to this configuration, the 
wear of the first and second sputtering Sources 2 and 3 can be 
uniformed, and the Sputtering apparatus can continue the 
sputtering process for a longer time. 
0077. The sputtering apparatus may be configured as 
shown in FIG. 26. In the configuration shown in FIG. 26, a 
plurality of sputtering sources 263-265, which are made of 
different materials, are alternately arranged in a given order 
on the backing plate 214 and a distance L between the sput 
tering sources 263-265 and a carbon-based particulate base 
material 266 that is supported by a supporting member 267 is 
adjustable. By changing the distance L, a concentration dis 
tribution of the microparticulate in the particulate base mate 
rial 266 can be changed. 
0078 FIG.27 shows an example of a relationship between 
a sputtering position and a deposition speed obtained in a case 
where three sputtering sources 263-265 is used, which are 
formed of different materials and alternately arranged in a 
given order. In the example, the first sputtering source 263 is 
Pt, the second sputtering source 264 is Ru, and the third 
sputtering source is WMo. As can be seen from FIG. 27, when 
the distance L is set to 10 mm, the Sputtering speed at a 
position beneath the second sputtering source 264 is lowered 
to 20-40 nm/min while the sputtering speed at a position 
beneath the first sputtering source 263 is 100 nm/min. As 
shown in FIG. 27, it is confirmed that the difference in the 
deposition speed at each positions becomes Smaller as the 
distance L is set larger. 
007.9 There may be a case where it is preferable to have a 
concentration distribution of a microparticulate in the par 
ticulate base material or in a sheet-type base material. 
0080 FIG. 28 shows an example of a direct methanol fuel 
cell (DMFC) having a configuration called an active type. As 
shown in FIG. 28, in the DMFC 281 includes: a cell 282; an 
air pump 283 that supplies air to the cell 282; a fuel tank 284; 
a water tank 285; and pumps 286 that supply fuel (methanol) 
and water from the fuel tank 284 and the water tank 285 with 
appropriate mixture ratio to the cell 282 to generate electric 
power. 

0081 FIG. 29 is a sectional view of the cell 282. The cell 
282 is provided with an anode 292 having a flow path in which 
a mixed fuel flows and a cathode 293 having a flow path in 
which air flows. The cell 282 has a membrane electrode 
assembly (MEA) 298 disposed between the anode 292 and 
the cathode 293. When generating electrical power by the 
DMFC 281, the methanol is consumed as a fuel. Therefore, 
concentration of the methanol is high at a position near a fuel 
inlet 294 and becomes low as the fuel flows toward a fuel 
outlet 295. The water flows in the cathode 293 is supplied 
from a water inlet 296 and output from a water outlet 297 to 
the water tank 285 to be recycled. 
I0082 In the DMFC 281, the amount of catalytic agent 
should be appropriately designed to Suit the concentration of 
the methanol in order to improve the power generation effi 
ciency and elongate the operation life. Accordingly, the MEA 
298 is configured to have more amount of catalytic agent at 
position near the fuel inlet 294 and lower amount of catalytic 
agent at position near the fuel outlet 295. 
I0083. An electrode employing the MEA 298 may be 
assumed to be produced by changing a thickness of a catalytic 
agent layer by utilizing a conventional wet process. However, 
utilization of such method is not preferable because the thick 



US 2009/0068503 A1 

ness of the catalytic agent layer affects a diffusion character 
istic of a fuel and the overall characteristic of the fuel cell may 
be deteriorated. 
0084 Contrary to the conventional method, by using the 
sputtering apparatus according to the embodiment as previ 
ously described, the concentration distribution of micropar 
ticulate in the particulate base member may be easily changed 
without changing a thickness of the catalytic agent layer. In 
addition, an amount of additive element (mixture ratio) of Ru 
and elements such as, Hf, Ta, Mo, W. Ni, and Si, with respect 
to the main element Pt may be appropriately set to a desired 
amount or ratio. In a case where an amount of Pt is reduced, 
amount of Ru and other elements increases. However, 
depending on the additive element, this causes the power 
generation efficiency to be improved for a low concentration 
methanol fuel, which is preferable. 

First Example 
0085. In the example, the areas of the first and second 
sputtering sources taking rectangular shapes and the positions 
of the respective Sputtering sources and the magnets corre 
sponding thereto were regulated in Such a manner that plati 
num and tungsten had a sputtering speed of 4:1. More spe 
cifically, the tungsten has a slightly higher sputtering speed 
than platinum. Therefore, the area was set to be 1:2 and the 
magnetic flux density in the vicinity of the surface of the 
second magnet corresponding to the second sputtering Source 
was set to be 80% of the first magnet corresponding to the first 
sputtering source of the platinum. 
I0086 FIG. 18 is a typical sectional view showing a state 
brought when sputtering is performed over a particulate base 
material by using a sputtering source 181 formed as described 
above. A Supporting member 183 accommodating a particu 
late base material 182 containing, as a parent body, carbon 
having an average particle size of 1 um or less and a Surface 
area of 50 m/g or more was put opposite to a lower part of the 
sputtering Source 181 thus formed (a magnet corresponding 
to the Sputtering source is not shown), and the Sputtering was 
performed for 10 hours on the following conditions. In this 
case, a rotor 186 obtained by coating a magnetic Substance 
with Teflon (registered trademark: produced by DuPont Co., 
Ltd.) which was previously put in the supporting member 183 
was rotated for a certain period of time every certain cycle to 
stir the particulate base material by using a magnetic stirrer 
185 disposed on an outside of a vacuum chamber 184. 
0087 Pressure: 1x10° Pa 
0088 Period of time for no-stirring: 100 seconds 
I0089. Period of time for stirring: five seconds 
I0090. Amount of evaporation: 1x10" atoms/cm-second 
0091 Consequently, there was prepared 100 g of plati 
num-tungsten catalyst carrying carbon powder having a car 
rying rate of 50% (a weight of a catalyst to that of carbon). 
0092 FIG. 19 is a typical view showing a film and elec 
trode complex for a catalytic evaluation according to the 
example. FIG. 20 is a typical view showing a single cell of a 
direct methanol fuel cell incorporating the film and electrode 
complex. 
0093. By using the powder thus obtained, a cathode elec 
trode 191 and an anode electrode 192 were produced respec 
tively and were subjected to thermo-compression bonding at 
125 degrees Celsius for 10 minutes at a pressure of 30kg/cm 
with a proton conducting solid polymer film 193 formed of 
Nafion (registered trademark; produced by DuPont Co., Ltd.) 
which was interposed between the cathode electrode 191 and 
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the anode electrode 192 so that a film and electrode complex 
(MEA) was produced. By using the film and electrode com 
plex, and a channel plate 201, a fuel penetrating portion 202, 
a vaporizing portion203, a separator 204 and a lead wire 205, 
the single cell of the direct methanol fuel cell was produced. 
In the single cell, a 1 M methanol solution to be a fuel was 
supplied in a flow rate of 0.6 ml/min. to the anode electrode 
192 and air was supplied in a flow rate of 200 ml/minute to the 
cathode electrode 191, and a discharge was carried out to 
maintain a current density of 150 mA/cm in a state in which 
the cell was maintained at 65 degrees Celsius and a cell 
Voltage was measured after 30 minutes. Consequently, a Volt 
age of 0.6 V was obtained. The voltage thus obtained had a 
greater value by 20% or more as compared with the case in 
which the single cell was produced in an equal amount of a 
noble metal. In a case in which the single cell is produced 
through a vacuum process, thus, the Sputtered ruthenium is 
not oxidized. Therefore, it is possible to suppose that a small 
elution is generated through formic acid in a power generat 
ing process and deterioration in a characteristic in use for a 
long period of time is reduced. The platinum and tungsten 
sputtering Sources were consumed almost uniformly and the 
alloy could be efficiently carried on a deposited substrate. 
Moreover, the Sputtering source could also be reprocessed 
easily. The obtained alloy particle had an average particle size 
of 4 nm. 

Second Example 

0094. In the following example, portions different from 
the first example will be mainly described and identical 
mechanism to those in the first example will be omitted. In the 
first example, a magnetic force of a magnet was previously 
varied corresponding to a composition of a catalyst and a 
component element of an alloy to change a magnetic flux 
density in the vicinity of a surface of the Sputtering Source. In 
the example, however, a magnetic flux density was regulated 
by using the mechanism shown in FIG. 2 so as to obtain a 
proper composition even if a component element of an alloy 
was changed. Platinum and niobium were selected for the 
sputtering source to carry an alloy having a ratio of platinum 
to niobium of 4:1. Since a sputtering speed of the niobium is 
higher than that of the platinum, an area of the Sputtering 
Source was set to be /2, and furthermore, a magnet was 
separated from a backing plate by 10 mm in Such a manner 
that the magnetic flux density was reduced by 30%. The other 
conditions were set in the same manner as in the first example 
and sputtering was performed for 10 hours to perform an 
evaluation through a single cell. Consequently, a Voltage of 
0.6V was obtained. This is a greater value by 20% or more as 
compared with the case in which the single cell is produced in 
an equal amount of a noble metal. Platinum and niobium 
sputtering Sources were consumed almost uniformly and the 
alloy could be efficiently carried on a deposited substance. 
Moreover, the Sputtering source could also be reprocessed 
easily. The obtained alloy particle had an average particle size 
of 4 nm. 

Third Example 

0095. In the first and second examples, the material was 
exchanged for a new one immediately before a hole was 
formed in the erosion area of the Sputtering source and the 
residual material was regenerated. In the example, the struc 
ture shown in FIG. 11 was employed to increase utilization 
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efficiency of the material. For a sputtering source, there ware 
used a first sputtering source containing platinum and a sec 
ond sputtering source containing Vanadium. The other con 
ditions were set in the same manner as in the first example and 
sputtering was performed for 20 hours. An evaluation was 
performed through a single cell. Consequently, a Voltage of 
0.6V was obtained. This is a greater value by 20% or more as 
compared with the case in which the single cell is produced in 
an equal amount of a noble metal. As a result, a power gen 
erating efficiency was also enhanced. On the other hand, a 
rectangular plate-shaped material was also sputtered almost 
uniformly so that utilization efficiency could be set to be 80% 
or more. Platinum and Vanadium sputtering Sources were 
consumed almost uniformly and the alloy could be efficiently 
carried on a deposited substance. The utilization efficiencies 
of the platinum and the Vanadium could be increased and a 
noble metal material could also be reprocessed. The obtained 
alloy particle had an average particle size of 4 nm. 
0096. According to the invention, it is possible to provide 
a method and apparatus for causing a particulate carrier hav 
ing a particle size of 1 um or less to carry a microparticle 
having a particle size of 10 nm or less, and an application 
includes a direct methanol fuel cell utilizing the powder for a 
catalyst. 
S 

0097. It is to be understood that the present invention is not 
limited to the specific embodiment described above and that 
the invention can be embodied with the components modified 
without departing from the spirit and scope of the invention. 
The invention can be embodied in various forms according to 
appropriate combinations of the components disclosed in the 
embodiment described above. For example, some compo 
nents may be deleted from all components shown in the 
embodiment. Further, the components in different embodi 
ments may be used appropriately in combination. 
What is claimed is: 
1. A sputtering apparatus comprising: 
a Supporting member that accommodates one of a particu 

late base material and a sheet-type base material; 
a first sputtering source that is disposed to face the Support 

ing member at a first distance, the first sputtering Source 
containing platinum and having a rectangular shape; 

a second sputtering source that is disposed to face the 
Supporting member at a second distance and to be adja 
cent to the first sputtering source, the second sputtering 
Source containing an element different from that con 
tained in the first sputtering Source: 

a first magnet that is disposed to face the Supporting mem 
ber at an opposite side with respect to the first sputtering 
Source, the first magnet applying a first magnetic field 
near a Surface of the first Sputtering source in a first 
magnetic flux density; and 

a second magnet that is disposed to face the Supporting 
member at an opposite side with respect to the second 
sputtering source, the second magnet applying a second 
magnetic field near a Surface of the second sputtering 
Source in a second magnetic flux density, 

wherein at least one of the first magnetic flux density and 
the second magnetic flux density is configured to be 
variable. 

2. The apparatus according to claim 1, wherein at least one 
of the first distance and the second distance is configured to be 
adjustable to vary at least one of the first magnetic flux density 
and the second magnetic flux density. 
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3. The apparatus according to claim 1, wherein at least one 
of a first magnetic force of the first magnet and the second 
magnetic force of the second magnet is configured to be 
adjustable to vary at least one of the first magnetic flux density 
and the second magnetic flux density. 

4. The apparatus according to claim 1 further comprising a 
mechanism that varies at least one of a first position of the first 
magnet with respect to the first Sputtering Source and a second 
position of the second magnet with respect to the second 
sputtering source. 

5. The apparatus according to claim 1, wherein the first 
sputtering source includes at least two first sputtering source 
pieces, and 

wherein the second sputtering source is disposed between 
the first sputtering source pieces so as that longitudinal 
edges of the first sputtering source pieces and the second 
sputtering source are arranged to be substantially in 
parallel with one another. 

6. The apparatus according to claim 1 further comprising a 
third sputtering source that is disposed to face the Supporting 
member and to be adjacent to at least one of the first sputtering 
Source and the second sputtering source, the third sputtering 
Source containing an element different from those contained 
in the first sputtering source and the second sputtering source. 

7. The apparatus according to claim 1, wherein the particu 
late base material and the sheet-type base material contain 
carbon as a main component. 

8. The apparatus according to claim 1 further comprising a 
high-permeability member that is disposed between the sec 
ond sputtering Source and the second magnet, the high-per 
meability member having permeability higher than that of the 
first sputtering Source and the second sputtering source. 

9. The apparatus according to claim 4, wherein the mecha 
nism is configured to operate to: 
move a relational position between the first and second 

sputtering sources and the first and second magnets in a 
given direction to Scan the first and second sputtering 
Sources with the first and second magnets; and 

move the relational position in an opposite direction that is 
opposite the given direction at a given position. 

10. The apparatus according to claim 9, wherein a thick 
ness of the first and second sputtering sources at a position 
near the given position is formed to be thicker than other 
aaS. 

11. The apparatus according to claim 9 further comprising 
an additional member that is disposed between at least one of 
the first and second sputtering Sources and the first and second 
magnets at a position near the given position, 

wherein the additional member is formed of a material that 
is selected from a group consisting of a material form 
ing the first sputtering source; a material forming the 
second sputtering source: SiO, TiO, WO, and Mn. 

12. The apparatus according to claim 9 further comprising 
a high-permeability member that is disposed between the first 
and second sputtering sources and the first and second mag 
nets at a position near the given position, the high-permeabil 
ity member having permeability higher than that of the first 
sputtering source and the second sputtering source. 

13. The apparatus according to claim 9, wherein the 
mechanism moves the relative position at a position near the 
given position at a speed higher than that at other areas. 

14. The apparatus according to claim 4, wherein the 
mechanism moves a relational position between the first and 
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second sputtering sources and the first and second magnets 
unidirectionally at a constant speed. 

15. A cell for a direct methanol fuel cell including micro 
particulate that is produced using the Sputtering apparatus 
according to claim 1. 

16. A sputtering apparatus comprising: 
a Supporting member that accommodates one of a particu 

late base material and a sheet-type base material; 
a first sputtering source that includes at least two Sputtering 

Source pieces that are disposed to face the Supporting 
member, each of the Sputtering source pieces containing 
platinum and having a rectangular shape; 

a second sputtering source that is disposed to face the 
Supporting member and to be adjacent to the Sputtering 
Source pieces, the second sputtering source containing 
an element different from that contained in the first 
sputtering source: 

a magnet that is disposed to face the Supporting member at 
an opposite side with respect to the first sputtering 
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Source and the second sputtering source, the magnet 
applying a magnetic field near a Surface of the first 
sputtering Source and the second sputtering source, 

wherein the second sputtering source is disposed between 
the Sputtering source pieces so as that longitudinal edges 
of the Sputtering source pieces and the second sputtering 
Source are arranged to be substantially in parallel with 
one another, 

wherein the magnetic field is configured to be in a longi 
tudinal shape that extends in a direction that is substan 
tially orthogonal to the longitudinal edges of the Sput 
tering source pieces and the second sputtering source, 
and 

wherein the magnetic field is configured to be movable in a 
direction along the longitudinal edges of the Sputtering 
Source pieces and the second sputtering Source, by rela 
tively moving the magnet and a set of the first sputtering 
Source and the second sputtering Source. 

c c c c c 


